tions that would kill the seedlings. Improving the microenvironment offers a promising potentiality for increasing establishment.
Some of the more practical means for bringing about this improvement are planting when growing conditions are most favorable and using seedbed preparation and planting methods that ameliorate soil moisture and temperatures to better suit plant needs (Lavin and Springfield, 1955) .
Species requirements and moisture and temperature pattern dictate the best planting time. The larger a seedling becomes before it is subjected to drought, frost, and other adversities, the better chance it has to survive (Plummer et al., 1955) . Reynolds et al. (1949) recommended early summer and fall as best time for planting cool season species at the higher elevations in Arizona and New Mexico. Springfield (1956) plant (Wilson, 1928; Bridges, 1942; Hervey, 1955; Plummer, Monsen and Christensen, 1966; Springfield, 1970) .
Seedbed preparation is usually essential for range seeding success (Pearse, 1952; Plummer et al., 1955; Gomm and Lavin, 1968) . The seedbed may vary with the needs of the different species (Waisel, 1962; Pendleton, 1966; Cohen and Tadmor, 1969) but must include control of competing vegetation (Ellern and Tadmor, 1966; Gomm and Lavin, 1968) . Seedbeds may be prepared by mechanical or chemical methods (Plummer et al., 1955; Hull et al., 1958) . Numerous adaptations have been used, each with its advantages and limitations (Pearse, 1952) .
Plowing reduces initial competition to a minimum and is one of the oldest and most widely used of the mechanical methods (Currier, 1971) . Undercutting leaves a mulch of vegetative litter on the soil surface, which often improves the microclimate for germination and emergence (Gomm and Lavin, 1968; Tadmor et al., 1968) .
Chemical methods involve applying herbicides to unwanted vegetation. These methods create a minimum of soil disturbance and leave a mulch of dead plants on the soil surface (Gomm and Lavin, 1968) . They can also be used on areas difficult to prepare by mechanical means. Problems are the planting difficulties engendered by the dead vegetation (Larson et al., 1970; Henry and Johnson, 197 1) ; time and placement requirements of the herbicide used; adverse effects the herbicide may have on the seeded species; and possible herbicide residues.
Two planting methods used in range seeding are surface and furrow drilling. Surface drilling is a preferred method that provides good control of seed distribution, planting depth, seed coverage and seed-soil contact, allowing a full stand to be obtained with a minimum amount of seed (Lavin and Springfield, 1955; Plummer et al., 1955; Bates and Cox, 1969; Currier, 197 1) . Furrow drilling increases soil moisture by concentrating precipitation, decreasing runoff, increasing infiltration, and decreasing evaporation (Bertrand, 1965) . Furrow drilling alone may eliminate sufficient competition where only remnant cover exists for successful establishment of seeded species (Currier, 1971) . Hull et al., (1958) cautions that furrow drilling should be used only in stable soil, so seed will not be buried too deeply by soil sloughing.
Site Description
The study was conducted at two sites: Red Mountain, which is 35 miles northwest, and Hart Ranch, 33 miles southeast of Flagstaff, Ariz. (Fig. 1) . Climatic conditions are similar for both sites. Annual precipitation averages between 12 and 14 inches with extremes ranging from less than 6 to over 18 inches. Precipitation is highest during July and August and peaks again in January and February. The driest weather usually occurs from May through June, followed by a less severe dry period from October through November.
Summers are mild with maximum ambient temperatures rarely exceeding 100°F. Winters are cool to cold with temperatures occasionally falling below O'F. Winter precipitation usually falls as snow that melts quickly and seldom covers the ground for more than a few days at a time.
The elevation above sea level is 6,400 ft at Red Mountain and 6,500 ft at Hart (Duncan, 1955) . The two planting seasons were summer and fall. Summer plantings were made in late June or early July, with the exception of 1964 at Red Mountain, which was made in early August. Fall plantings were made in early October.
The six seedbed preparations tested were control, prespray, spray, undercut, undercut-strip, and plow. The control received no treatment except for clearing of trees and brush. Prespraying was done one month before seeding with the sodium salt of dalaponl in a water carrier. Application was at a rate equivalent to 2 lb active ingredient and at a volume of 20 gal solution/acre. The herbicide solution was applied by boom from a pressureregulated compressed air sprayer. For the spray method, herbicide was applied immediately before seeding. In all other respects application was the same as for prespraying. Undercutting was done with knife weeder blades attached to an Aframe tool bar. This treatment undercut the native vegetation, mainly blue grama sod, and left it on the soil surface as litter. The undercut-strip method left &inch wide strips of live vegetation between 16-inch undercut swaths. Otherwise, procedure was the same as for the undercut method. For summer and fall, 1966, both the undercut and undercutstrip treatments were undercut twice. Plowing was done with a two-bottom moldboard plow to a depth of 4 to 6 inches. After plowing the ground was 1 Mention of a trademark name or proprietary product does not constitute a guarantee or warranty of the product by the U.S. Department of Agriculture and does not imply its approval to the exclusion of other products that may also be suitable. Planting methods were surface and furrow drilling. With surface drilling seed was planted Y2 to 1 inch deep in rows made with double disk furrow openers. Seeding depth was controlled with depth bands. For furrow drilling, furrows were first formed with hiller disks mounted on a tool-bar assembly. Seed was then drilled into the furrow bottoms in the same manner as for surface drilling. Individual plots had five drill rows starting 1 ft in from the corner on the short axis and spaced on 2-ft centers.
Furrows used in 1964 and in summer of 1965 were 4 inches deep, measured from the original soil surface, and approximately 1 ft wide. A modified furrow was substituted from fall, 1965, through fall, 1966 . This furrow was formed with two overlapping hiller disks. It was 2 inches deep from the initial soil surface and approximately 18 inches wide with a broader bottom and more gently sloping sides than the original furrow.
Climatic measurements were made of precipitation by standard rain gauge, air temperature and humidity by hygrothermograp h, soil temperature by thermocouple, and soil moisture by gypsum resistance block.2
Treatment effects on the existing plant cover were evaluated by ocular estimate and expressed as percentage of total area covered by live vegetation (Brown, 1954 treatment effects. Number of seeded plants per 1000 ft of row length was used to compare treatment effects on seedling emergence and plant establishment.
All plants in each plot were counted. Emergence counts were made when seedlings were most numerous and survival counts at the beginning of the second growing season. Since maximum emergence for fall plantings did not occur until the following spring, counts were made during the first and second spring after planting.
Results and Discussion

Elimination of Original Cover
Plowing was the most effective and dependable seedbed treatment tested for eliminating plant competition (Table 1) . Undercutting ranked second. Some of the blue grama sod, especially in the undercutstrip seedbeds, died back so slowly after a single undercutting that final plant kill could not be accurately determined in the initial observation. Undercutting the same area twice reduced competing vegetation from 8 to 2% for the undercut treatment and from 19 to lO%for the undercut-strip treatment.
Initial response of blue grama to dalapon prespray and spray treatments was highly variable. Most rapid control was obtained by treatment of actively growing plants. Application often was not made at this time because of our planting schedule. Response of slow-growing and dormant plants to dalapon was delayed. Within a year after treatment, however, control improved and differences among planting seasons and years decreased. Remnant live cover, however, still varied from 1 to 14%.
Bioassays with pubescent wheatgrass and oats were made on soil samples taken from the treated areas 3 to 5 months after spraying. All tests were negative for toxic quantities of dalapon. Thiegs (1955) found that dalapon is broken down in warm moist soil by microbial action in 2 to 4 weeks. Brown and Carve11 (196 l) , however, obtained good control of grasses for 3 years with dalapon.
Surface drilling with double disk openers eliminated very little existing vegetation.
Furrow drilling, however, eliminated about one-third of this cover. The deep, narrow furrows appeared to be slightly more effective for vegetation control than the wide, shallow ones.
Emergence and Survival
Planting season and site
Both emergence and survival of Luna pubescent and Nordan crested wheatgrass Springfield (1970) found that four-wing saltbush germinated best between 55" and 75°F. Plummer et al., (1966) reported that fourwing saltbush seedlings are highly sensitive to freezing temperatures. Damping off also causes major losses when seedlings emerge during cold wet weather.
Plantings with the best emergence usually had the highest survival. At Red Mountain in 1966, however, summerplanted Nordan crested wheatgrass had the best emergence but the poorest survival because of droughty post-emergence conditions. Survival counts sometimes exceeded those for emergence because of unusually small or grazed seedlings missed in the initial count or because of delayed germination. Cook et al. (1967) found no appreciable number of viable seed remaining after the first growing season for crested and pubescent wheatgrass.
A review of precipitation patternplanting date relationships indicate their importance to both emergence and survival. In 1964 at Red Mountain the bulk of the rains occurred before and within a week after summer planting and the fall was dry. As a result, stands were poor because the soil was too dry for plant establishment much of the time. In 1965, Red Mountain summer plantings were poor because light showers germinated the seed but did not provide sufficient soil moisture for good establishment during the 15-day dry period that followed. At Hart Ranch the soil remained dry for 2 weeks after summer planting. Then a 1.06-inch rain germinated the seed and five additional well-distributed storms maintained soil moisture above permanent wilting point for a month. This timely moisture resulted in excellent Fall planted pubescent and crested wheatgrass appeared to be able to emerge and establish with less moisture than summer plantings. This advantage was probably related to the lower temperatures associated with these plantings.
Overall, precipitation varied between sites and among months and years. Annual precipitation for completely measured years ranged from a high of 15.94 to a low of 7.75 inches with a mean of 10.85 inches. Precipitation averaged higher for Hart Ranch than for Red Mountain. Monthly precipitation ranged from a high of 3.42 to a low of 0.00 inches and over the total measurement period averaged highest for August.
Soil moisture to the 2-inch depth averaged higher for summer than for fall plantings. It also averaged slightly higher for Red Mountain than for Hart Ranch. Soil moisture in relation to treatments applied was somewhat more variable for Hart Ranch than Red Mountain.
Seedbed preparation
Both emergence and survival averaged highest on the plowed seedbed and decreased progressively on the other five seedbeds as follows: undercut >undercut-strip > prespray > spray > control (Tables  3 and 4) . For all species, locations, and planting years, considering significant differences only, seedling emergence ranked highest on the plowed or undercut seedbeds and lowest on the control or prespray. Plant survival ranked highest on the plowed or undercut seedbeds and lowest on the control. Species' sensitivity to seedbed preparation appeared to rank as follows: fourwing saltbush > Nordan crested wheatgrass > Luna pubescent wheatgrass. Other research (Lavin and Springfield, 195 5 ; Springfield, 1970 ) also has shown that seedbed preparation is required for successful range seeding and that seedling establishment usually increases in proportion to the amount of competing vegetation removed.
Variability in emergence and survival on the prespray and spray seedbeds resulted in part from the corresponding variability in initial control of the competing vegetation. Dalapon, even when applied under optimum conditions, usually controlled the blue grama sod too slowly for satisfactory establishment of the seeded species during the same year.
The plowed and undercut seedbeds were the most effective for retaining soil moisture. Inconsistencies obtained, however, suggest that type of seedbed best suited for moisture conservation could differ with precipitation and site characteristics.
Planting methods
Emergence and survival of Luna pubescent wheatgrass averaged highest with surface drilling for 1964 plantings when deep, narrow furrows were used in the alternate treatment. For 1966, however, when wide shallow furrows were used, furrow drilling averaged highest (Table 5) . For 1965, emergence and survival averaged highest with surface drilling for summer plantings when deep, narrow furrows were used but was highest for furrow drilling in fall plantings with wide, shallow furrows. In California the best establishment of pubescent wheatgrass was obtained from furrow drilling (Cornelius and Burma, 1970) .
Fourwing saltbush emergence and survival averaged best with surface drilling. However, more plants became established in wide, shallow furrows than in deep, narrow ones. Springfield (1970) found that fourwing saltbush emerged best with shallow planting. He was able to establish this species in furrows at one site in New Mexico; but at another, sloughing from the furrow sides caused complete failure.
Nordan crested wheatgrass emergence and survival averaged highest with surface drilling, but results were variable among planting years. Number of emerging and surviving plants were higher with wide, shallow furrows than with deep, narrow furrows.
McGinnies (1959) obtained improved establishment of crested wheatgrass in furrows, but Hull (1970) reported equally good establishment of the same species from both surface and furrow drilling.
Soil moisture was consistently higher for furrow than for surface drilling with differences most pronounced where competing vegetation had not been adequately controlled by seedbed preparation. The deep, narrow furrows first used, however, were detrimental to the species planted, because soil sloughing covered the seed too deeply for satisfactory emergence. The wide, shallow furrows were always best for Luna pubescent wheatgrass. Surface drilling was usually best for Nordan crested wheatgrass and always best for fourwing saltbush. Wein and West (197 1) concluded that successful seeding in furrows is related to furrow shape, size and spacing, to soil type, and to intensity of precipitation.
Species' response to the planting methods tested are assumed to be related to inherent germination and seedling growth characteristics.
Luna pubescent wheatgrass germinates vigorously, and the young seedlings grow rapidly. Thus it could be expected to overcome any adverse effects of moderate silting in wide shallow furrows. Nordan crested wheatgrass germinates well, but initial seedling growth is relatively slow so that both seed and seedlings could be buried too deeply for emergence even in wide, shallow furrows. Fourwing saltbush is sensitive to planting depth and emerges best from shallow plantings. This species, therefore, could be expected to do best with surface drilling.
Interactions
Interaction effects on seedling emergence and plant survival were analyzed between (1) planting season and seedbed preparation, (2) planting season and planting method, (3) seedbed preparation and planting method, and among (4) planting season, seedbed preparation, and planting method. Only significant interactions are discussed unless otherwise designated.
Season-seedbed interactions for emergence of Luna pubescent and Nordan crested wheatgrass were variable among planting years. Plant survival, however, was highest from fall plantings on plowed and undercut seedbeds. Elimination of blue grama competition appeared somewhat more crucial for establishment in summer than in fall plantings. This interaction probably occurred because blue grama grows most rapidly and uses the largest amounts of moisture in July and August.
Fourwing saltbush emergence and survival were both highest from summer planting on the plowed seedbed. Treatment combinations which included fall planting mainly failed.
Season-planting method interaction for emergence and survival of Luna pubescent and Nordan crested wheatgrass was inconclusive because of variability 284 among planting years. This variability resulted in part from the two types of furrows used. Fourwing saltbush emergence and survival were consistently highest from surface drilled summer plantings.
Seedbed-planting method interactions for emergence and survival of Luna pubescent wheatgrass were variable among planting seasons and years. For fourwing saltbush, however, emergence and survival were highest from surface drilling on a plowed seedbed. Nordan crested wheatgrass emergence was also highest with surface drilling on a plowed seedbed, but interactions for survival were mainly nonsignificant.
Season-seedbed-planting method interactions for Luna pubescent and Nordan crested wheatgrass were mostly nonsignificant. Overall, however, emergence and survival of Luna pubescent wheatgrass averaged best from fall planting drilled in wide, shallow furrows on a plowed seedbed. For Nordan crested wheatgrass, emergence and survival averaged best from fall planting surface drilled on a plowed seedbed. Fourwing saltbush emergence and survival were significantly best from summer planting surface drilled on a plowed seedbed.
Application
Our results suggest some practical applications for improving establishment of range plantings in the cold, dry pinyon-juniper woodland.
Fourwing saltbush and probably most warm season species need to be planted in summer. Fall is the preferred planting season for cool season species such as the wheatgrasses.
They, however, have a wider temperature tolerance than warm weather species and can be planted either in summer or fall.
Plowing is currently the best seedbed preparation for eliminating competing vegetation and establishing seeded stands. Plowed seedbeds, however, were usually invaded by weedy forbs during the growing season following preparation. Gophers also were most numerous on plowed seedbeds, probably attracted by the forb growth. A vesicular crust formed on the surface of the plowed seedbeds at Red Mountain. This structure is common to many soils in arid regions (Springer, 1958) .
Effectiveness of undercut seedbed preparation might be improved by using heavier equipment. This equipment should have a rigidly mounted undercutting blade and perhaps vertical fins on the upper surface of the blade to break up the sod.
Dalapon gave consistently good control of blue grama within a year after application.
Effectiveness for seedbed preparation might be improved, therefore, by applying it a year ahead of planting.
We had trouble penetrating the soil and covering the seed with a double disk planter on the nontilled seedbeds. Others also have had the same difficulty (Henry and Johnson, 197 1) . Surface drilling on nontilled seedbeds might be improved by using single-disk openers, improved covering mechanism, and heavier equipment such as the Rangeland drill.
A light layer of native grass mulch over the seed row can improve establishment of seeded species (Springfield, 1970) . We observed that the mulch provided by undercutting was pulled away from the seed row by surface drilling and completely removed by furrowing so that mulching benefits were decreased or lost. On the undercut seedbeds some attachment for pulling the mulch back over the seed row after surface drilling might be advantageous.
The advantage of furrow drilling for establishing seeded species is greatest on noncultivated seedbeds where removal of competing vegetation has been inadequate. On cultivated seedbeds, furrow drilling is recommended only for stable soils and for large-seeded species with good seedling vigor. It can be detrimental to small, slow growing seedlings even when soil sloughing from the furrow sides is minimal. Furrow shape is important. It should be wide and shallow with gently sloping sides so that young seedlings are not smothered by excessive soil sloughing.
Seedling size and vigor as well as number are increased by use of favorable seed bed preparation-planting method combinations such as plowing and surface drilling for fourwing saltbush. This increase in size and vigor helps the plants to survive many of the adverse conditions they encounter.
Planted species are damaged by insects, rodents, rabbits, and big game, particularly in the spring. The potential for damage needs to be anticipated and suitable control measures used as necessary.
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